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(57) ABSTRACT

A robot hand 1s provided. The robot hand includes a transier
plate that has a loading region; an electrostatic chuck
configured to adsorb a water disposed on the loading region
of the transier plate; and a heating element configured to
heat the loading region of the transfer plate.
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ROBOT HAND, WAFER TRANSFER ROBOT,
AND WAFER TRANSFER APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C § 119 to
Japanese Patent Application No. 2019-088184, filed on May
8, 2019 1n the Japanese Patent Oflice, and Korean Patent
Application No. 10-2019-0112294, filed on Sep. 10, 2019 in
the Korean Intellectual Property Oflice, the contents of
which are hereby incorporated by reference 1n their entire-
ties.

BACKGROUND

Example embodiments of the present disclosure relate to
a robot hand, a water transter robot, and a waler transfer
apparatus.

A semiconductor {fabrication {facility performs, for
example, a film deposition process, an etching process, an
ion 1mplantation process, and the like on a semiconductor
waler (referred to herein as a wafer). The semiconductor
tabrication facility includes a susceptor that loads the wafer
in a chamber where pressure can be reduced. A cooling
member cools the wafler loaded on the susceptor, and a
tabrication process, such as a film deposition process, an
ctching process, an 1on implantation process, and the like,
may be performed on the waler. An electrostatic chuck
disposed on the susceptor adsorbs the waler and fixes the
waler onto the susceptor. The semiconductor fabrication
facility uses a waler transier robot to transfer the wafer
between chambers. The water transier robot may use a robot
hand connected with an end of an arm to load the watfer on
a loading surface of the susceptor or to unload the loaded
waler.

The semiconductor fabrication facility may cool the water
to a temperature, for example, about 100° C. below zero in
a high-vacuum chamber. Therefore, when the wafer that has
been cooled 1in the chamber 1s unloaded and mtroduced into
atmospheric environment at room temperature, dew conden-
sation or frost (referred to herein as condensation) may form
on the wafer. The formation of condensation on the wafer
may have an adverse eflect on thin layers formed on the
waler. Accordingly, to prevent the formation of condensa-
tion on the wafer, 1t 1s necessary to first return the tempera-
ture of the waler back to room temperature and then to
introduce the water mto atmospheric environment.

The process chamber or a transfer chamber may be used
to heat the water. When the wafer 1s heated 1n the chamber,
production throughput may decrease due to the time
required the wafer to be heated.

SUMMARY

One or more example embodiments provide a robot hand
configured to heat the wafer during transfer, a water transfer
robot equipped with the robot hand, and a water transier
apparatus associated with the wafer transier robot.

According to an aspect of example embodiment, there 1s
provided a robot hand that includes a transier plate that has
a loading region; an electrostatic chuck configured to adsorb
a waler disposed on the loading region of the transfer plate;
and a heating element configured to heat the loading region
of the transfer plate.

According to an example embodiment, there 1s provided
a waler transier robot including: a robot hand configured to
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transfer a water from a first chamber to a second chamber,
the robot hand comprising: a transfer plate that has a loading
region; an electrostatic chuck configured to adsorb the water
to the loading region of the transfer plate; and a heating
clement configured to heat the loading region of the transfer
plate while the wafer 1s transferred from the first chamber to
the second chamber.

According to an aspect of an example embodiment, there
1s provided a waler transier apparatus including: a first
chamber configured to provide a first pressure that 1s less
than an atmospheric pressure at a first temperature; a second
chamber configured to provide the atmospheric pressure at
a second temperature that 1s greater than the first tempera-
ture; and a robot hand configured to transfer a water from the
first chamber to the second chamber. The robot hand
includes: a transfer plate that has a loading region; an
clectrostatic chuck configured to adsorb the water to the
loading region of the transfer plate; and a heating element
configured to heat the loading region of the transfer plate
while the wafer 1s transierred from the first chamber to the
second chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects will be more clearly
understood from following description of illustrative, non-
limiting example embodiments, 1 conjunction with the
accompanying drawings, in which:

FIG. 1 1illustrates a plan view of a semiconductor fabri-
cation facility according to one or more example embodi-
ments;

FIG. 2 illustrates a side view of a waler transier robot
included 1n the semiconductor fabrication facility according
to one or more example embodiments;

FIG. 3 illustrates a plan view showing a robot hand
according to one or more example embodiments;

FIG. 4 1llustrates a cross-sectional view taken along line
A-A of FIG. 3; and

FIG. 5 illustrates a cross-sectional view of a transfer plate
included 1n the robot hand according to one or more example
embodiments.

DETAILED DESCRIPTION

The following will now describe 1n detail some example
embodiments of the present disclosure with reference to the
accompanying drawings.

Since each component of the drawings used in the fol-
lowing description 1s intended to be easily seen, the dimen-
sions 1n the component can be different for each sole size,
and 1t 1s not expected that dimensional ratios of each
component are limited to actual ratios. In addition, the
following materials and dimensions are merely exemplary,
and embodiments are not necessarily limited thereto, but
may be variously changed within the scope and spirit of the
present disclosure.

FIG. 1 illustrates a plan view showing a configuration of
a semiconductor fabrication facility 100 according to some
example embodiments. FIG. 2 illustrates a side view show-
ing a configuration of a first waler transifer robot 103
included in the semiconductor fabrication facility 100.

Referring to FIG. 1, the semiconductor fabrication facility
100 according to an example embodiment may perform
different processes on a semiconductor waler W (referred to
herein as a water). For example, the semiconductor fabri-
cation facility 100 may perform a film deposition process, an
etching process, an 10on implantation process, and the like on
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the water W. The water W may be, for example, a silicon
waler having a diameter of about 300 mm and a thickness of
about 0.8 mm. The semiconductor fabrication facility 100
may be installed 1n a cleanroom whose 1ndoor atmosphere
(air) 1s managed to provide cleanliness. The semiconductor
tabrication facility 100 may include a plurality of process
chambers 101, a plurality of transfer chambers 102, a first
waler transfer robot 103, a load port 104, and a second waier
transier robot 105. For example, the semiconductor fabri-
cation facility 100 may include three process chambers 101
and two transier chambers 102. The semiconductor fabrica-
tion facility 100 may have a first part P1, a second part P2,
and a third part P3. Chambers 1n the first part P1 may be
controlled to be under vacuum (1.e., a pressure that 1s less
than atmospheric pressure). Chambers 1n the third part P3
may have atmospheric pressure. The second part P2 may
connect the first part P1 to the third part P3.

The process chamber 101 may be a chamber in which a
process 1s performed on the waler W, and may have an inside
that may be evacuated to high vacuum. One or more (e.g.,
two) of the plurality of process chambers 101 may include
a susceptor 106 that with a loading surface 106a and a
cooling member. The water W may be loaded on the loading
surface 106a, and a cooling member may cool the water W
on the loading surface 106a of the susceptor 106. The
cooling member may cool the wafer W to about 100° C.
below zero. The process chamber 101 may cool the wafer W
under reduced pressure, and may pertorm a film deposition
process, an etching process, and an 1on 1mplantation process
on the water W. An electrostatic chuck equipped to the
susceptor 106 may be used to adsorb the water W loaded on
the loading surface 106a, and thus the water W may be fixed
to the loading surface 106a.

The transfer chamber 102 may be a chamber that transters
the water W, and may be configured to be evacuated to high
vacuum. The transier chamber 102 may 1nclude a position-
ing stage 107 and a heating member. When the water W 1s
loaded, the positioning stage 107 may rotate to determine a
position of the water W, and the heating member may heat
the wafer W loaded on the positioning stage 107. A pressure
of the transfer chamber 102 may be greater than an internal
pressure of chambers in the first part P1 and less than an
external atmospheric pressure. When the water W 1s
unloaded after a process, the heating member 1n the transier
chamber 102 may heat the water W cooled in the process
chamber 101. Therefore, a temperature of the water W may

¢ returned back to room temperature (or, a temperature at
which no condensation occurs).

The first waler transfer robot 103 may be a selective
compliance arm for robotic assembly (SCARA) robot whose
arm associated with a robot hand 1s driven to move 1n a
horizontal direction, and under reduced pressure, may trans-
ter the water W between the process chamber 101 and the
transier chamber 102.

For example, as shown 1n FIG. 2, the first waler transier
robot 103 may include a first arm 110 that 1s rotatable around
a first rotational axis AX11 relative to a base 109, a second
arm 111 that i1s rotatable around a second rotational axis
AX12 relative to an end of the first arm 110, a third arm 112
that 1s rotatable around a third rotational axis AX13 relative
to an end of the second arm 111, and a robot hand 1 that 1s
rotatable around a fourth rotational axis AX14 relative to an
end of the third arm 112.

As shown in FIG. 1, the first wafer transfer robot 103 may
transier the water W between the process chamber 101 and
the transfer chamber 102, while rotating the robot hand 1

and the first, second, and third arms 110, 111, and 112.

10

15

20

25

30

35

40

45

50

55

60

65

4

The first water transier robot 103 may be mstalled within
a first transfer chamber 108 capable of reducing pressure.
The first transfer chamber 108 may be configured to be
evacuated to high vacuum that corresponds to the reduced
pressure ol the process chamber 101. The first transier
chamber 108 may be connected to the process chamber 101
through a shutter 101a. The first transfer chamber 108 may
be connected to the transier chamber 102 through a shutter
102a.

When the shutters 101q¢ and 102a are opened, the first
waler transfer robot 103 in the first transfer chamber 108
may transier the water W from the process chamber 101 to
the transfer chamber 102 or from the transfer chamber 102
to the process chamber 101. When the shutters 101a and
1024 are closed, the first waler transfer robot 103 1n the first
transter chamber 108 may not transier the water between the
process chamber 101 and transfer chamber 102.

The load port 104 may 1nclude a plurality of water carriers
C and an elevation member that moves the water carriers C
upwards and downwards. For example, the load port 104
may 1nclude three water carriers C. The wafer carrier C may
receive a plurality of waters W that are vertically stacked.
The elevation member of the load port 104 may change a
height of the water W received 1n the water carrier C. The
waler W may be selectively loaded into or unloaded from
the load port 104.

The second water transfer robot 105 may be a SCARA
robot whose arm equipped with a robot hand i1s driven to
move 1n a honizontal direction, and under reduced pressure,
may transier the water W between the transfer chamber 102
and the wafer carrier C.

For example, the second waler transfer robot 105 may
include a first arm 115 that 1s rotatable around a first
rotational axis AX21 relative to a base 114, a second arm 116
that 1s rotatable around a second rotational axis AX22
relative to an end of the first arm 115, a third arm 117 that
1s rotatable around a third rotational axis AX23 relative to an
end of the second arm 116, and a robot hand 118 that 1s

rotatable around a fourth rotational axis AX24 relative to an
end of the third arm 117.

-

The second waler transfer robot 105 may transier the
waler W from the water carrier C to the transfer chamber
102 or from the transfer chamber 102 to the watfer carrier C,
while rotating the robot hand 118 and the first, second, and
third arms 115, 116, and 117.

The second water transier robot 105 may be installed
within a second transfer chamber 113. The second transier
chamber 113 may be connected to the load port 104 through
a shutter 104a. The second transier chamber 113 may be
connected to the transier chamber 102 through a shutter
1025.

When the shutters 104aq and 1026 are opened, the second
waler transfer robot 105 in the second transfer chamber 113
may transier the water W from the waler carrier C to the
transier chamber 102 or from the transter chamber 102 to the
waler carrier C.

In the semiconductor fabrication facility 100, the first
waler transier robot 103 may transfer the wafer W between
the process chamber 101 and the transier chamber 102.

The first water transier robot 103 may transfer the wafer
W from the process chamber 101 to the transfer chamber
102. Because the process chamber 101 has a temperature
less than that of the transfer chamber 102, when removed
from the process chamber 101, the waler W may have a
temperature that 1s lower than the temperature in the transter
chamber 102. To prevent formation of condensation on the
waler W due to a difference 1n temperature between the
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waler W and the transfer chamber 102, the robot hand 1 may
be configured to heat the water W during transier.

A configuration of the robot hand 1 will be described
below 1n detail with reference to FIGS. 3, 4, and 5.

FI1G. 3 illustrates a plan view showing a configuration of >

the robot hand 1. FIG. 4 illustrates a cross-sectional view
taken along line A-A of FIG. 3. FIG. 5 illustrates a cross-
sectional view showing other configuration of a transfer
plate 2 included 1n the robot hand 1.

Referring to FIGS. 3 and 4, the robot hand 1 may include
a transier plate 2 that has a loading region 2a on which the
waler W 1s loaded, an adsorption member 3 that adsorbs the
waler W loaded on the loading region 2a of the transter plate
2, a heating member 4 that heats the water W loading on the
loading region 2a of the transfer plate 2, and a temperature
measurement member 3 that measures a temperature of the
waler W loaded on the loading region 2a of the transter plate

2.

The transier plate 2 may include at least one substrate
formed of one selected from silicon carbide (S1C), alumi-
num nitride (AIN), aluminum oxide (Al,O;), silicon nitride
(S1,N,), and silicon dioxide (S10,). The transter plate 2 may
have a structure in which a plurality of substrates are
stacked. The transier plate 2 may have a thickness equal to
or less than 10 mm at the loading region 2a. For example,
the transier plate 2 may have a thickness ranging from 3 mm
to 8 mm at the loading region 2a.

The transfer plate 2 may have a disc shape. The transier
plate 2 may have a diameter less than that of the wafer W.
The transfer plate 2 may have a pair of slits 6. The pair of
slits 6 may be a part through which a pin of the susceptor 106
passes. The pair of slits 6 may be formed when the transier
plate 2 1s cut to have hollow portions that extend 1n parallel,
at a constant interval away from each other, from both sides
of an end of the transier plate 2 toward a base side of the
transier plate 2.

The adsorption member 3 may have an electrostatic
chuck. When a voltage 1s applied to an electrode 7, the
clectrostatic chuck may use a Johnsen-Rahbek (JR) force,
which 1s generated between the adsorption member 3 and
the water W, to adsorb the water W onto the loading region
2a. The electrode 7 may be made of a conductive layer
including a refractory metallic material, such as tungsten
(W), molybdenum (Mo), or platinum (Pt). The electrode 7
may be formed between substrates that constitute the trans-
ter plate 2. The electrode 7 may be supplied with power
through a feeder 8 disposed on a side of the transier plate 2.

The heating member 4 may include a heating resistance
clement 9 disposed on a surface or 1n an 1side of the transfer
plate 2. It may be preferable that the heating resistance
clement 9 has a resistance change rate equal to or less than
10% 1n a temperature range between 200° C. below zero and
400° C. above zero. The heating resistance element 9 may
include either a refractory metal, such as tungsten (W),
molybdenum (Mo), and titanium (11), or carbide thereof.

The heating resistance element 9 may be formed to have
a narrow 1llm shape, and may be disposed between sub-
strates that constitute the transier plate 2. The heating
resistance element 9 may be placed below the loading region
2a. For example, the heating resistance element 9 may be
located at a lower level than that of the electrode 7.

The heating resistance element 9 may be supplied with
power through a feeder 10 disposed on a side of the transier
plate 2. Therelfore, the heating resistance element 9 may
generate heat to heat the water W loaded on the loading
region 2a.
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The heating resistance element 9 may be disposed in parts
on a central portion E1 and a peripheral portion E2 of the
loading region 2a. In this configuration, 1t may be possible
to independently heat the central portion E1 and the periph-
eral portion E2.

The central portion E1 of the loading region 2a may be
interposed between the pair of slits 6. When viewed 1n plan,
the peripheral portion E2 of the loading region 2a may
surround the central portion E1. The central portion E1 and
the peripheral portion E2 of the loading region 2a may have
almost the same area.

The temperature measurement member 5 may include a
temperature sensor 11 provided in the transfer plate 2. The
temperature sensor 11 may be disposed within an aperture
2b that vertically penetrates the transier plate 2. A heat-
resistant adhesive may be used to fix the temperature sensor
11 to an inside of the aperture 2b.

The temperature sensor 11 may contact an outer portion of
the water W loaded on the loading region 2a, and may
thereby measure a temperature of the water W. The tem-
perature sensor 11 may provide a temperature signal to a
temperature controller through a signal line 12 equipped on
a side of the transter plate 2.

The temperature controller may control the power sup-
plied to the heating resistance element 9, based on the
temperature signal provided from the temperature sensor 11.
Accordingly, it may be possible to control a heating tem-
perature of the water W.

As shown 1n FIG. 4, the heating resistance element 9 may
be provided between substrates that constitute the transier
plate 2. Example embodiments, however, are not limited
thereto, and as shown in FIG. 5, the heating resistance
clement 9 may be disposed on a location opposite to the
loading region 2a of the transfer plate 2.

The adsorption member 3 of the robot hand 1 may adsorb
the waler W loaded on the loading region 2a of the transier
plate 2. In this case, the waler W may be flattened on the
transier plate 2. When the adsorption member 3 adsorbs the
waler W onto the loading region 2a, the water W may be
rigidly placed on the loading region 2a even when the water
W 1s transterred.

The heating member 4 of the robot hand 1 may heat the
waler W loaded on the loading region 2a of the transfer plate
2. Therefore, when the water W 1s transferred, 1t may be
possible to return the temperature of the waler W back to
room temperature. The heating process of the water W by
the heating member 4 may be a separate process from the
heating process of the water W in the transier chamber 102.

According to some example embodiments, the semicon-
ductor fabrication facility 100 may be configured such that
the robot hand 1 may heat the water W while being trans-
terred from the process chamber 101 1n which the water W
has a relatively lower temperature under reduced pressure, to
the transfer chamber 102 in which the waler W has a
relatively higher temperature under atmospheric pressure.
The temperature of the water W may thus be returned back
to room temperature, and as a result, 1t may be possible to
prevent formation of condensation on the water W.

The robot hand 1 may provide the water W with heat from
the central portion E1 of the loading region 2a. For example,
because the water W has excellent thermal conductivity,
when the heating resistance element 9 heats the water W
disposed on the central portion E1, heat may be transferred
from the central portion F1 toward the peripheral portion E2.
Therefore, a temperature at the peripheral portion E2 of the
loading region 2a may become increased. The temperature
sensor 11 may measure a temperature at a peripheral area of
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the wafer W. When the temperature sensor 11 detects an
increase in temperature of the wafer W, the peripheral
portion E2 of the loading region 2a may heat the wafer W.
The water W may thus be efliciently heated at its overall
area, and as a result, it may be possible to promptly return
the temperature of the waler W back to room temperature.
The method of using the robot hand 1 to heat the water W
1s not limited to that mentioned above, but may be variously
changed. For example, the water W may be heated such that
heat 1s allowed to transfer from peripheral to central areas of
the wafer W.

The semiconductor fabrication facility 100 may return the
temperature of the water W back to room temperature to
prevent the formation of condensation on a surface of the
waler W while the water W that has been cooled 1n the
process chamber 101 1s unloaded and introduced into exter-
nal atmospheric pressure at room temperature.

The semiconductor fabrication facility 100 may be con-
figured such that, the waler W may be heated in the transfer
chamber 102 and by the robot hand 1 may heat the water W
during transier. The case where the water W 1s heated during
transier may have an increased throughput, compared to the
case where the water W 1s heated 1n the transter chamber
102.

Example embodiments, however, are not limited to the
example embodiment above, but may be variously changed
within the scope and spirit of the present disclosure. For
example, for one or more example embodiments provide a
waler transfer apparatus configured to transfer a waler
between a chamber which has a relatively lower temperature
under reduced pressure and a chamber 1n which the water
has a relatively higher temperature an atmospheric pressure.

Example embodiments are not limited to a wafer transier
robot whose configuration 1s the same as that of the first
waler transier robot 103, but may be broadly applicable to
any waler transier robot capable of being equipped with the
robot hand 1.

The transfer plate 2 of the robot hand 1 may be variously
modified, and 1s not limited to a shape having the pair of slits
6 whose position corresponds to that of a pin of the susceptor
106.

One or more example embodiments, provide a robot hand
configured to heat a water during transfer, a wafer transfer
robot equipped with the robot hand, and a water transier
apparatus associated with the wafer transier robot.

While example embodiments have been shown and
described above, 1t will be apparent to those skilled in the art
that modifications and variations could be made without
C
C

eparting from the scope of the present inventive concept as
efined by the appended claims.

What 1s claimed 1s:

1. A robot hand comprising:

a transier plate that has a loading region;

an electrostatic chuck configured to adsorb a water dis-

posed on the loading region of the transfer plate;

a temperature sensor provided i an aperture of the

transier plate; and

a heating element configured to heat the loading region of

the transier plate.

2. The robot hand of claim 1, wherein the heating element
comprises a heating resistance element disposed on a surface
of or within the transfer plate.

3. The robot hand of claim 2, wherein the heating resis-
tance element comprises a first element disposed 1n a central
portion of the loading region and a second element disposed
in a peripheral portion of the loading region.
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4. The robot hand of claim 2, wherein the electrostatic
chuck comprises an adsorption electrode configured to
adsorb the wafer onto the loading region based on a voltage
being applied to the adsorption electrode.

5. The robot hand of claim 2, further comprising a
temperature measurement circuit configured to measure a
temperature of the waler disposed on the loading region of
the transfer plate based on a temperature signal provided by
the temperature sensor.

6. The robot hand of claim 1, wherein the temperature
sensor 1s configured to contact the wafer.

7. The robot hand of claim 2, wherein the transfer plate
comprises at least one substrate formed of one selected from
among silicon carbide (S1C), aluminum nitride (AIN), alu-
minum oxide (Al,O,), silicon nitride (S1;N,), and silicon
dioxide (510,).

8. The robot hand of claim 2, wherein the transier plate,
at the loading region, has a thickness equal to or less than 10
mm.

9. The robot hand of claim 1, wherein the electrostatic
chuck comprises an adsorption electrode configured to
adsorb and 1s configured to adsorb the water onto the loading
region based on a voltage being applied to the adsorption
clectrode.

10. The robot hand of claim 9, further comprising a
temperature measurement circuit configured to measure a
temperature of the water disposed on the loading region of
the transier plate based on a temperature signal provided by
the temperature sensor.

11. The robot hand of claim 9, wherein the transfer plate
comprises at least one substrate formed of one of silicon
carbide (S1C), aluminum mitride (AIN), aluminum oxide
(Al,O,), silicon nitride (S1,N,), or silicon dioxide (810,).

12. The robot hand of claim 1, further comprising a
temperature measurement member that measures a tempera-
ture of the waler disposed on the loading region of the
transier plate based on a temperature signal provided by the
temperature sensor.

13. The robot hand of claim 12, wherein the temperature
sensor 1s configured to contact the wafer.

14. The robot hand of claim 12, wherein the transfer plate
comprises at least one substrate formed of one of silicon
carbide (S1C), aluminum mitride (AIN), aluminum oxide
(Al,O,), silicon nitride (S1,N,), or silicon dioxide (810,).

15. The robot hand of claim 12, wherein the transfer plate
has a thickness equal to or less than 10 mm at the loading
region.

16. A waler transier robot comprising:

a robot hand configured to transfer a wafer from a first
chamber to a second chamber, the robot hand compris-
ng:

a transier plate that has a loading region;

a temperature sensor provided i an aperture of the
transier plate;

an electrostatic chuck configured to adsorb the water to
the loading region of the transter plate; and

a heating element configured to heat the loading region
of the transier plate while the wafer 1s transferred
from the first chamber to the second chamber.

17. The waler transfer robot of claim 16, wherein the

robot hand 1s disposed on an arm of a selective compliance
arm for robotic assembly (SCARA) robot, the SCARA robot
being configured to drive the arm to move in a horizontal
direction.
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18. A waler transfer apparatus comprising;:

a first chamber configured to provide a first pressure that
1s less than an atmospheric pressure at a {irst tempera-
ture;

a second chamber configured to provide the atmospheric
pressure at a second temperature that 1s greater than the
first temperature; and

a robot hand configured to transier a waler from the first
chamber to the second chamber, the robot hand com-
prising:

a transier plate that has a loading region;

a temperature sensor provided in an aperture of the
transier plate;

an electrostatic chuck configured to adsorb the wafer to
the loading region of the transter plate; and

a heating element configured to heat the loading region
of the transfer plate while the wafer 1s transferred
from the first chamber to the second chamber.

19. The water transfer apparatus of claim 18,

wherein the heating element 1s further configured to heat
the loading region based on the a temperature of the
waler measured by the temperature sensor.

20. The robot hand of claim 1, wherein the transfer plate

defines a first slit and a second slit,

wherein the first slit and the second slit extend from a top
surface of the transfer plate to a bottom surface of the
transier plate, and

wherein the first slit and the second slit extend 1n parallel
at a constant interval from an end of the transfer plate.
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